Abstract. An (2,1) L -labelling of a graph 
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Introduction
The frequency assignment problem is to assign frequency to a given group of televisions or radio transmitters so that interfering transmitters are assigned frequency with at least a minimum allowed separation. This problem was formulated as a vertex colouring of graph by Hael [21] . In 1988, Roberts proposed a variation of the frequency assignment problem in which `close' transmitters must receive different channels and `very close' transmitters must receive channels at least two apart. To convert this problem into graph theory, the transmitters are represented by the vertices of a graph; two vertices x and y are `very close' if the distance between them is 1 and `close' if the distance between x and y is 2 . We denote, (x, y) d
to represent the shortest distance (i.e. the minimum number of edges) between the vertices x and y . The definition of (2,1) L -labelling problem of a graph is given below. 
is the maximum degree of the graph. Griggs and Yeh [18] first shown that for any graph G , λ ≤ ∆ + ∆ The above bound was improved to by Chang and Kuo [13] . Kral'
and Skrekovski [30] proved that [13] , etc. Thus finding good upper bounds of these graphs is a good result. Circular-arc graph is a very important subclass of intersection graphs and has been widely studied in the past [34, 35, 36, 50] . Many works have been done on other intersections graphs, see [2, 3, 15, 22, 23, [31] [32] [33] [38] [39] [40] [41] [42] [43] [44] 49, [51] [52] [53] . Calamoneri et al. [8] shown that for circular-arc graphs , ( ) max ( , 2 ) h
. Motivated from this we study on circular-arc graphs and a good upper bound of these graphs and this result is more better than the previous upper bound [8] .
The remaining part of the paper is organized as follows. Some properties of circular-arc graph are discussed in the next section. Section 3 contains the proof of main theorem. Finally, in Section 4 conclusions are made.
Preliminaries
The graphs used in this work are simple, without self loop or multiple edges. Let It is assumed that all the arcs must cover the circle, otherwise the circular-arc graph is nothing but an interval graph. Let
be a set of arcs around a circle. While going in a clockwise direction, the point at which we first encounter an arc will be called the starting point of the arc. Similarly, the point at which we leave an arc will be called the finishing point of that arc. An arc To convert a circular-arc graph to an interval graph draw a line L from the center of the circle perpendicular to the arcs (see Fig. 1 ). Let C be the set of arcs which intersects the line L . Remove the arcs of C from the set of arcs A . If we consider the set of arcs A C − as line segments, then they forms a set of intervals on a real line (Fig. 2) and these intervals form an interval graph. Thus we state the following result. We define some sets as follows. 
Algorithm L21CA
Input: Circular-arc representation of the given circular-arc graph G .
Step 1: Draw a straight line L and let C be the set of arcs intersecting L .
Step 2: Remove C from the circular-arc representation. Let this reduced graph be ( , )
, where ' V is the set of vertices corresponding to the arcs A C − .
Step 3: Compute the first maximal clique 1
Step 4 Step 9: Step 10: Let F be the highest label, i.e. maximum of i f .
Step 12: Now we label the vertices corresponding to the arc of 
Illustration
We now illustrated this algorithm by a suitable example. We choose the graph of Fig. 1 and label it by (2,1) L -labeling. For this graph, 4 ∆ = and 3 ω = .
We draw a line to get C . In Fig 1. {9,10,11} C = In
Step 6, we compute Similarly, 10 6 2 2 1 10 f = + + × = and 11 12 f = .
Analysis of algorithm
Following theorem gives the correctness of the proposed algorithm.
Theorem 2. Algorithm L21CA correctly labels a circular-arc graph maintaining (2,1) L -labelling conditions. Proof. In algorithm L21CA, first we label the set 1 
C G′
∈ , i.e. the first maximal clique.
We use the labels 0, 2, 4, , 2( 1) 
Concluding remarks
In this paper, we find a new upper bound of (2,1) L -labeling of circular-arc graphs.
These bounds are more tight than the previous available results 2 2ω ∆ + 
